. Furthermore, the interactive use of wastewater and fly ash proved to be applicable in making N, P and K optimum at their lower doses, as maximum enhancement in growth, photosynthesis and yield was observed with N 60 P 30 K 30 FA 20 + WW and further input of N 80 P 45 K 45 FA 20 + WW was not beneficial. It was due to the application of fly ash and wastewater has shown the improvement in physiochemical properties of soil and also in the nutrient status.
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PUBLIC INTEREST STATEMENT
Rapeseed-mustard crops are known for their rapid fall growth, great biomass production and nutrient-scavenging ability. Among various oilseed Brassica species, Brassica nigra has also been covered as an economically important crop, which is widely cultivated for leafy vegetables, edible oil and seeds. It has been reported for its ability to survive under various diverse agroclimatic conditions. However, it is attracting renewed interest primarily because of its defence mechanism property against herbivores and pathogens by synthesizing chemical compounds viz. sinigrin, etc. The seeds also have important medicinal uses such as treatment of rheumatism and joint pains, indurations of liver and spleen, tooth pain and throat tumours. Further, the application of fly ash and wastewater improves soil properties and also the nutrient status, which ultimately led to enhanced growth and yield. Thus, the general perception of "wastes as only pollutant" has changed into "wastes as nutrients".
Introduction
In India, Brassica nigra is commonly known by the name "black mustard" and belongs to the taxonomic family Brassicaceae. It is primarily (BB) a diploid species (2n = 16) and plays a role in developing the amphidiploid species viz. Brassica juncea (AABB) and Brassica carinata (BBCC) (Morinaga, 1934; Nagaharu, 1935) . It is an economically important crop plant which is widely cultivated for leafy vegetables and edible oil and seeds sources (Vaughan & Hemingway, 1959) . This crop is been considered because of its ability to survive and grow under diverse agro-ecological conditions, such as at relatively low temperatures, at highly disturbed soils or waste places (Angelova & Ivanova, 2009 ). This characteristic makes them well adapted to cultivate for both domestic and industrial uses. A typical plant image includes tap roots, lower leaves large and upper leaves reduced in size and stem covered with soft hairs. This species can be easily distinguished from other oilseed Brassica species in that it produced siliquae of very short size, a rosette of basal leaves and sharp pungency of its seeds. In view of current population growth with their advanced living style, consumption of oil per capita is increasing per annum. The increase in world demand for edible oils and more recently for biodiesel has led to a rapid growth in the production of most oilseeds, with total seed oil about 4% each year. In order to meet this demand, synthetic fertilizers have been supplied to soil due to their well-known application in increasing the crop yield in more quantity. The effect of fertilizers mainly focuses primarily on the use of nitrogen (N), phosphorus (P) and potassium (K) because these three macro-nutrients are the main nutrients in sustainable crop production (Food and Agriculture Organization [FAO], 2006 [FAO], , 2011 . Compared to most other grain crops, Brassica oilseed crops require greater nutrient inputs, generally assume, about 25% more N, P and K and up to five times more S than a wheat crop to achieve high yields. Interestingly, synthetic fertilizers and other chemical nutrients now have been replaced with municipal wastes, if not fully, but partially, from few decades. The wastes were long considered as either a non-essential or toxic element. However, more is being learnt about the role of wastes as nutrients and their activity in plants; they have shown benefits in yield production (Chalkoo, Sahay, Inam, & Iqbal, 2014; Iqbal et al., 2015; Kiziloglu et al., 2007; Sahay, Inam, Inam, & Tak, 2013) .
Among wastes, in general, one is wastewater, which has found to be used in raw (direct) and dilute (indirect) forms with planned (treated) and unplanned (untreated) ways. Exploding population growth, industrialization and urbanization (World Health Organization, 2009; Wyman, 2013) posed declination of fresh water, on one hand, and the production of huge volume of wastewater day by day, very fast, throughout the world, on the other hand. This is creating a pressure on farmers to adopt their farming with wastewater irrigation, as they are unaware of the pollution of air, water and land and that the cost of treatment of wastewater is too high in developing countries including India. However, in this context, reusing of such recycled wastewater for agriculture practices is a potential solution to reduce fresh water demand and a feasible option of various nutrients, which are believed to have a positive effect on soil properties and crop production in a sustainable way. But, it is the necessity of the present era to think about the existing urban wastewater disposal infrastructure, wastewater agriculture practices, quality of water used and awareness related to pollution issues. The important references in the aspect of use of wastewater come from fourteenth and fifteenth centuries in the Milanese Marcites and in the Valencian huertas, respectively (Soulie & Tremea, 1991) . It is still continued in practices and has gained interest worldwide due to it being rich in essential nutritive plant elements, especially in N, P and K in addition to Na, Ca, Mg, S, Cl, Cu, Fe, B, Zn, salts, pH, organic matter and microbial activity. According to a recent report of Australian Academy of Technological Sciences and Engineering (2004) and Jimenez and Asano (2008) , wastewater irrigation is now quite common in many countries like Europe, the USA, Mexico, Australia, China, Chile, Peru, Egypt, Lebanon, Morocco, Vietnam, South Africa and India, where it has been used as a source of crop nutrients and concluded that the use of wastewater in agriculture irrigation responds to multiple benefits: solving the problem of disposal, minimizing the risk of high demand for clean drinking water, reducing the direct input and need of high amounts of inorganic fertilizers and improving soil with its fertile quality. Further, it encountered the food demand, as it consequently permits higher yield of various range of field crops, including vegetables as compared to clean water irrigation (Drechsel et al., 2004; Ensink, Mahmood, van der Hoek, Raschid-Sally, & Amerasinghe, 2004; Lai, 2002; Singh, Deshbhratar, & Ramteke, 2012) .
Another waste, fly ash (solid waste), is defined as an end by-product produced after coal combustion at high temperature in thermal power stations. Like water scarcity and increased food demand, the energy/power crisis is one of the considered factors in India. In order to meet the energy demand, use of coal as the prime energy source, calls for burning in large amount, leading to the generation of large amount of this solid waste product. It has been expected that the production of fly ash will likely exceed up to 225 million tons in the next two years, i.e. by 2017 (Singh, 2012) . However, the utilization percentage of fly ash in India is still very low, especially in the agriculture sectors. But the use has increased substantially year wise (Ministry of Environment and Forests, 2007) . Fly ash due to its efficacy in modification of soil's physical and chemical health has been reported with great potency to improve crop productivity in Indian agriculture. As a matter of fact, fly ash practically consists of all the essential elements present in the soil except very low amount of organic carbon and nitrogen, if any. Thus, its utilization would not only be a solution of disposal but might also reduce the inorganic fertilizers, especially non-nitrogenous.
The task of bringing together the three sources of nutrients by optimum fertilization is an attractive scope for getting a beneficial harvest per unit area, atleast where the two waste products are easily available, because application if given in excess or below the rate of requirement may have some negative effects on crop yield and environmental quality. Therefore, the present study deals with the application of wastewater and fly ash with different NPK levels and their effect of soil properties, crop yield and qualities.
Materials and methods

Study site
The experiment was conducted in a green net house of department of Botany, Aligarh Muslim University at Aligarh (an area of 3,747 sq kms, 27.88°′ N latitude, 78.08°′ E longitude, an elevation of 178.45 m above the sea level). The metrology of the study area indicated the temperature ranged from 32-35°C to 46-47.5°C in winter and summer, respectively, with annual rainfall of around 600-650 mm and humidity from 42-90%. India is a country of vast dimensions with varied conditions of geology, relief, climate and vegetation. Therefore, India has a large variety of soil groups, distinctly different from one another. Sandy, loamy, sandy loam and clayey loam under the alluvial soil group are characterized soil types at Aligarh. The soil at the experimental site is having sandy loam. The experimental soil was classified adopting the USDA (United States Department of Agriculture) soil taxonomy concepts.
Plant material and growth conditions
The authentic seeds of B. nigra cv. IC247 were collected from the National Research Centre on Plant Biotechnology (NRCPB) of the Indian Agriculture Research Institute (IARI), New Delhi, India. In the laboratory, seeds were disinfected with 0.01% aqueous solution of mercuric chloride (HgCl 2 ), followed by repeated washings with double-distilled water (DDW) and then dried in shade before sowing. Seeds were sown at the rate of 10 in each pot to avoid germination failure. The square, earthen pots (length ≈ 20 inch and diameter ≈ 23) filled with 10-kg soil were placed in a green net house with natural day-night conditions (photosynthetically active radiation > 950 mmol m −2 s −1
, temperature 23 ± 3°C, relative humidity 75 ± 5% and rainfall 30-40 mm).
Treatment details
The present experiment was carried out with the treatment of WW and GW alone as well as with different FA and NPK levels. The schematic representation of the treatments of NPK and FA set-up along with GW and WW is shown in 
Sampling and analyses of soil, fly ash and wastewater
The soil for pot experiment was collected from a farmer's field (from Aligarh). Before filling the pots, the soil was autoclaved for 20 min at 137.9 kPa and thoroughly mixed with suitable quantity of organic manure. Fly ash (FA) was collected from a pond from a thermal power station, Kasimpur, located 15 km away from the experimental area, producing 2.71 million tons of fly ash/year. It was dried in sun for few days before use. The samples of soil and fly ash were passed through a 2-mm sieve. The various physiochemical characteristics were determined for the soil before mixing and after mixing of fly ash, which are presented in Table 2 .
The soil texture was determined using the soil texture triangle at www.usp.edu/geo/faculty/ritter/ glossary/s_u/soil_texture_triangle.htmal (Chopra & Kanwar, 1991) . The texture of fly ash was determined by the field method, by rubbing or feeling the fly ash between the thumb and fingers. The fly ash used was slightly silty in nature. An important chemical property of soil/fly ash as a medium for plant growth is its pH value since essential ions that enter into plant are highly dependent upon hydrogen concentration of soil solution. It was estimated with the help of Thermo Orion Model 290 pH meter, which was calibrated with a standard buffer of known pH (4.0. 7.0 and 9.2) as per the method given by Jackson (1973) . CEC of the samples was determined using phenolphthalein titrating method of Ganguly (1951) . Water-holding capacity of soil/fly ash was measured as per the method of Black et al. (1965) . Soil and fly ash were analysed for total organic carbon by dichromate oxidation and titration with ferrous ammonium sulphate method (Walkley & Black, 1934) . Nitratenitrogen (NO −− 3 -N) estimation was carried out following Ghosh, Bajaj, Hasan, and Singh (1983) 's method. Analysis of phosphorus (P) in soil/fly ash extract was done calorimetrically after HClO 4 digestion according to the method of Dickman and Bray (1940) . Potassium (K) was read with the help of flame photometer, after setting zero for the blank and 100 for 40 ppm of K. Calcium (Ca) and magnesium (Mg) were measured following Chopra and Kanwar (1982) . Estimation of carbonates and bicarbonates was also done following the titration method of Richards (1954) . For chloride, to 50 ml of extract, 2 ml of 5% potassium chromate indicator was added. It was titrated against 0.02 N silver nitrate solutions and calculated. The determination of sodium (Na) was carried out directly from soil/fly ash extract with the help of flame photometer. For sulphate (SO −− 4 ), 50 ml soil/fly ash extract was mixed with 2.5 ml of conditioning reagents and then stirred on a shaker, and during shaking, small quantity of BaCl was added. The solution was read with the help of a digital nephelometer.
The wastewater (WW) used is a mixture of sewage, household and industrial wastewater. It was collected at weekly intervals from drains located 06 km away from the experimental area. The tap water of the University was used as a ground water (GW) source. Prior to application, wastewater and ground water analysis was done according to Standard methods of American Public Health Association (1985) and their physiochemical characteristics are presented in Table 3 . The pots were watered with GW everyday, while on alternate days, plants were supplied with 300 mL of WW starting after 15 days of germination up to maturity of crops.
Measurements of growth, photosynthesis, physiological and yield characteristics
The experiment was set up in a complete randomized block design (CRBD) with three replicates of the plant. These plants were dug out carefully from each pot after they reached a particular age, 35, 70 and 105 days after sowing (DAS), for measuring the various parameters of growth and photosynthesis. The plants were washed for removing adhering foreign particles, and soaked on blotting sheets. Water adhering to the plants was soaked with blotting paper and fresh mass of shoot and root was measured separately using a digital weighing balance. Dry weight of the shoot and root was determined after drying the samples in an oven at 80°C. Length of the plant was recorded using a measuring scale. Leaf number was measured manually by counting the leaves per plant. Leaf area was measured by a LA211 leaf area meter (Systronics, Hyderabad, India).
Among physiological parameters, net photosynthetic rate (Pn) was recorded in fully expanded leaves, using an infrared gas analyzer (IRGA, LiCor, Lincoln, NE) on a sunny day between 10:30 am . Nitrate reductase (NR) activity (EC 1.7.99.4) was estimated by the intact tissue method given by Jaworski (1971) . Carbonic anhydrase (CA) activity (EC 4.2.1.1) was measured in enzyme assay of fresh leaves by adopting the method of Dwivedi and Randhawa (1974) . Total chlorophyll and carotenoid contents were estimated using dimethyl sulphoxide (DMSO), following the method as described by Hiscox and Israelstam (1979) . Leaf nitrogen (N) and phosphorus (P) contents were estimated according to method of Lindner (1944) and Fiske and Subba Row (1925) , respectively. Potassium was estimated by directly reading the samples on a flame photometer. Before estimating these three nutrients in leaf powder, the samples were digested according to Lindner's digestion method (1944) .
The crop was harvested on 15 March to record the yield by measuring the number of siliquae, seed number per siliqua, 1,000 seed weight, siliqua length, seed yield, oil content and oil yield. After separating the seed samples from extraneous material, they were crushed to get a fine meal for extracting the oil. The oil was extracted in Soxhlet's extractor using petroleum ether method. The percentage oil content when multiplied with seed yield gave the oil yield. The oil content was calculated as: where, m o = sum of3 the mass of oil and m s = seed sample mass.
Statistical analysis
The experimental data were statistically analysed using the analyses of variance techniques according to Gomez and Gomez (1984) . In applying the "F" test, the error due to replicates was also determined. When "F" value was found to be significant at the level of probability, the least significant difference (LSD) was calculated. The model of two-way analyses of variance (ANOVA) for experiment is given in Table 4 . Correlation coefficient (r) values and regression analysis of seed yield with some related physiological parameters were also worked out. Values are presented as mean ± S.E. (n = 3). The graphs are plotted using scientific softwares ORIGIN 6.1 and SIGMA PLOT.
Result and discussion
Fly ash characteristics and its effect on soil and crop
Physiochemical analysis of fly ash (pure) showed that it was lower in organic carbon, N, P, K, Ca, Mg, Cl, carbonates and bicarbonates except pH, CEC, Na and sulphate as compared to field soil used in the present study. However, the addition of fly ash to the soil had the greatest effect on nutrient status (Table 2 ). Soil mixed with fly ash at 10 t ha −1 and 20 t ha −1 separately showed a higher value of all available elements as compared to control soil. In addition, FA amendment increases the porosity and water-holding capacity, 40-45% and 35-44%, over control soil, respectively, due to the fine-textured nature of fly ash, which helps in improving the physical health of the soil for supplying all essential nutrients in significant quantities for plant growth. Further, FA 10 -and FA 20 -amended soils were recorded with an increase of 25.72 and 68.86% in organic carbon content over non-fly ash-amended soil. Thus, the addition of fly ash into soil increased the organic carbon content which helps in binding soil particles in aggregates and improving the water-holding capacity of soil. Such improvement in agronomic properties of soil by constituents of fly ash has also been reported elsewhere as well at Aligarh (Jala & Goyal, 2006; Lee, Ha, Lee, Lee, & Kim, 2006; Sikka & Kansal, 1995; Singh & Siddiqui, 2003) . FA at both levels was not found injurious during any age of the three sampling stages and harvest of the plant was as discussed earlier. It significantly enhanced growth, photosynthesis and yield as compared to non-fly ashamended soil. FA at 20 t ha −1 was more enriched with utilizable plant nutrients as compared to 10 t ha −1 ; therefore, former dose of fly ash was found to be more effective for Brassica crop.
Wastewater characteristics and its nutritional effect on crop
The physiochemical analysis of the Aligarh city's wastewater ( FAO (1985) . The chloride contents were also low, ) were also not in excess and their presence in wastewater made it an excellent source, supplementing them, and thereby lowering the fertilizer requirement as well as lessening the environmental degradation . The concentration of all nutritive elements was higher in WW as compared to GW. Of all these essential nutrients, nitrogen (N) is often the most limiting element and is invariably required in large quantities as pointed out by Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management, Council of Australia and New Zealand (2000) and Tucker (2004) . In wastewater it was present in both ionic forms, i.e. NH 4 + -N (cation) and NO 3 −2 -N (anion), representing a positive-negative relationship and resulting in the highest growth rate and yield on combined supply (Kirkby, 1981) wastewater irrigation and its presence with P 15 instead of P 45 fertilizers containing treatment therefore made it suitable and effective, as observed in improved performance of the tested crop which recorded higher root fresh weight, dry weight (Table 5) , seed yield, oil content and oil yield (Table 9) . Potassium (K), the third major essential osmotically active cation nutrient, has an impact on various physiological processes, especially during the process of opening and closing of stomata. It is well established that only adequate quantity of K is needed for attaining full utilization of N for growth and yield (Mengel & Kirkby, 1982) . Therefore, observed enhancement in growth of the tested crop was not only due to its own physiological role (Wolf, Kimbrough, & Blaser, 1976 ) but also by enhancing the effect of nitrogen. It is likely in the present study that K with WW gave higher N and K contents in leaves as compared to ground water. Sulphur (S) nutrition next to NPK is of importance, especially for mustard crop (Bhowmik, 2003) in oil production. Another important aspect is that it also increases phosphorus availability, thus enhancing the assimilation rate leading to higher seed production. Expectedly in the present study, yield parameters improved significantly in WW × NPK combination than the control and GW × NPK treatments. Calcium and magnesium are also considered important as Ca ++ is involved in cell division and Mg ++ is a central atom of chlorophyll, required for structural integrity of chloroplast on which photosynthesis is dependent. The enhancement in total chlorophyll content, carotenoid content and net photosynthetic rate in B. nigra grown under wastewater treatment may therefore be due to the involvement of Mg +2 in pigment synthesis (Table 7 ; Figure 1 ). Cl − has an important role in stomata regulation. Na+ although not essential, has been placed in the category of beneficial elements, but its presence in wastewater may also be responsible for growth stimulation duwe to cell expansion and water balance of plants. All factors have played a cumulative role in enhancing the growth, physiological and yield production and made wastewater an efficacious source of irrigation due to easy availability all year round.
Plant growth, physiological and yield characteristics
An increasing concentration of NPK and FA in the soil showed a positive effect on growth parameters of B. nigra; however, all the treatments of NPK together with FA used showed higher values with WW over GW at all three growth samplings. ) amended soil showed significant improvement in all growth parameters as compared to non-fly ash-amended soil (NFFS) at different age of observations (Tables 5 and 6 Note: Values are presented as Mean ± SE (n = 3). Significant difference at p < 0.05 was determined by least significant difference (LSD) test to compare the means.
were found to be deficient, giving less growth and yield. It may be because of the short supply of mineral nutrients, i.e. the plant cannot produce the potential number of leaves and as such it cannot reach the potential area per leaf; thus, maintaining the elements' concentration in various plant parts for unrestricted growth may become restricted (Greenwood et al., 1990) . It may also be pointed out that these deficient doses proved better than N 0 P 0 K 0 FA 0 + GW and N 0 P 0 K 0 FA 0 + WW, which indicated the importance of fertilizers that cannot be substituted fully with wastewater. Further, it was observed that N 80 P 45 K 45 FA 10 + WW and N 80 P 45 K 45 FA 20 + WW exerted no more changes on growth as the values were at par to N 60 P 30 K 30 FA 10 + WW and N 60 P 30 K 30 FA 20 + WW; hence, the former two treatments proved luxury doses. Thus, excess NPK affects growth through disturbance in optimum levels of nutrient elements for various morpho-physiological processes and nutrient uptake from soil (Donahue, Miller, & Shickluma, 1977) . The inhibitory effect and wasteful use of high level of fertilizers in plant growth have also been reported previously in the work of Chalkoo et al. (2014) and Iqbal et al. (2015) . It may be said that plants required N, P and K up requirement for those plants which grown under GW condition only. Under GW treatments, plant utilized fertilizers increasingly up to N 80 P 45 K 45 more efficiently due to increased demand of nutrients. Therefore, the use of WW and FA proved applicable in making N, P and K fertilization optimum or sufficient at their lower levels, instead of higher doses. It may be because of the presence of essential macro-and micro-elements such as Na, K, Ca, P, N, Mg, Cl, S, Mg, Cu, Ni, etc. in their ionic forms in the two wastes tested and their management together with inorganic fertilizers.
ANOVA test also showed the significant effect of age with different treatment levels on the response of physiological parameters viz. nitrate reductase activity, carbonic anhydrase activity, total chlorophyll, carotenoid content, nitrogen content, phosphorus content, potassium content and net photosynthetic rate. Use of wastewater proved their application was beneficial over ground water in providing the suitable nutrients required for physiological processes of growth. WW improved 8.61, 16. 96 and 10.32% NR activity, 14.26, 10.27 and 8.13% CA activity, 12.15, 11.37 and 17.13% total , 11.51, 12.28 and 12.69% carotenoid content, 7.80, 11.79 and 11.89% nitrogen content, 9.92, 10.63 and 10 .02% phosphorus content and 10.59, 10.88 and 11.36% potassium content at age 35, 70 and 105 days of the plant, respectively, over GW (Tables 7 and 8 ). The net photosynthetic rate was recorded at age 35 and 70 days after sowing, where WW gave 19.86 and 7.04% increase over GW (Figure 1 ). Like growth parameters, consumption of 20 t ha −1 fly ash was recorded as harmless and was found to be effective more than 10 t ha −1 and without fly ash soil. Among the interaction effects of fertilizers, fly ash treatments with both waters was recorded and found that under GW set of treatments, all physiological parameters enhance linearly up to N 80 with both FA 10 -and FA 20 -containing treatments. However, under WW, the pattern of linear increase in all parameters was found to be optimum at the N 60 P 30 K 30 FA 20 + WW as it was at par to N 60 P 30 K 30 FA 10 and N 80 P 45 K 45 FA 20 , indicating the efficacy of WW in reducing the fertilizers' needs. The treatments containing N 40 with FA 10 and FA 20 were recorded as deficient with GW and WW as well.
Yield is the final manifestation of growth. Yield parameters viz. siliquae number, seed number, 1,000 seed weight, seed yield and oil yield are presented in Table 9 . The observations of yield Chalkoo et al. (2014) , Sahay, Inam, and Iqbal (2014) and Iqbal et al. (2015) reported significant reduction or not much enhancement in yield characteristics of Capsicum annuum L. and B. juncea cv. Pusa Bold as a result of higher dose of NPK and/or under NPK stress. Hence, nutrient quantities are growth-and yield-limiting factors in all plants; thus, quite but useful correlation from the above discussion can be explained as; A relationship between positive and negative correlation coefficient values was also calculated when regression linear curves were drawn between various physiological parameters (independent variable) and seed yield (dependent variable). Further, an equation of linear regression (y) was also calculated to determine the distance between the straight line and all of the data points. Therefore, increased activity of all physiological parameters led to enhanced yield and yield attributes which were also evident from Figure 2 , showing the linear regression correlations obtained between seed yield and physiological parameters (Figure 2(a-f) ). The R 2 values showed a strong positive relationship between both dependent and independent factors at different levels of NPK + FA with GW or/ and WW and further confirmed that the synergistic interaction effect of nutrients of the two wastes tested with NPK fertilizers caused the higher yield as compared to control.
Conclusion
The results concluded that farmers can use comparatively less inorganic fertilizers (N 60 P 30 K 30 in present case) with up to 20 t ha −1 FA and application of WW for cultivation of B. nigra cv. IC247 at Aligarh's soil for better growth and yield, which was definitely due to the presence of utilizable essential nutrients such as N, P, K, Ca, Mg, S, Cl, etc. in FA and WW because field soil used in the experiment was low in plant nutrients. Also, the soil qualities, like porosity and water-holding capacity, and nutrient status can be enhanced under waste (fly ash) application. Therefore, the importance of the present comprehensive investigation has been considered for the purpose of conservation of inorganic nutrients and fresh water for the disposal of the two wastes generated in large quantities at Aligarh.
